Introduction
Traditional analyses in nutritional epidemiology typically examine diseases in relation to a single or a few nutrients or foods. Although this type of analysis has been quite valuable, it has several conceptual and methodological limitations. First, people do not eat isolated nutrients. Instead, they eat meals consisting of a variety of foods with complex combinations of nutrients that are likely to be interactive or synergistic [1] . Thè single nutrient' approach may be inadequate for taking into account complicated interactions among nutrients in studies of free-living people (e.g. enhanced iron absorption in the presence of vitamin C) [1]. Second, the high level of intercorrelation among some nutrients (such as potassium and magnesium) makes it dif®cult to examine their separate effects, because the degree of independent variation of the nutrients is markedly reduced when they are entered into a model simultaneously [2] . Third, the effect of a single nutrient may be too small to detect, but the cumulative effects of multiple nutrients included in a dietary pattern may be suf®ciently large to be detectable [3] . In clinical trials [4, 5] , interventions altering dietary patterns appeared to be more effective at lowering blood pressure than single nutrient supplementation. Fourth, analyses based on a large number of nutrients or food items may produce statistically signi®cant associations simply by chance [6] . Finally, because nutrient intakes are commonly associated with certain dietary patterns [7, 8] ,`single nutrient' analysis may potentially be confounded by the effect of dietary patterns. For example, Ursin et al. [9] found that low dietary fat was associated with higher intakes of vegetables, fruits, ®ber, folate and whole grains. Because intakes of vegetables, fruits, ®ber, folate, and whole grains (as a food pattern) may be independently associated with a reduced risk of coronary heart disease (CHD), these dietary components are potential confounders in a study of the relationship between dietary fat and coronary disease. Adjustment for these variables in multivariate analyses may not remove all the confounding effects because these dietary components may interact with each other.
To address these issues, several authors have recently proposed to study overall dietary patterns by considering how foods and nutrients are consumed in combinations [10±14] . In dietary pattern analysis, the collinearity of nutrients and foods could be used to advantage because patterns are characterized on the basis of eating behavior.
An examination of dietary patterns would parallel more closely the real world, in which nutrients and foods are consumed in combination, and their joint effects may best be investigated by considering the entire eating pattern. Analysing food consumption as dietary patterns offers a perspective different from the traditional single nutrient focus, and may provide a comprehensive approach to disease prevention or treatment, which has been used in several settings, including the Dietary Approach to Stop Hypertension (DASH) [4] and the Lyon Diet Heart Study [15] .
Studying dietary patterns could have important public health implications because the overall patterns of dietary intake might be easy for the public to interpret or translate into diets [1] . In fact, the prevailing dietary guidelines emphasize dietary patterns in the prevention of cardiovascular disease [16] . Studying dietary patterns in relation to disease outcomes thus provides a practical way to evaluate the health effects of adherence to dietary guidelines by individuals [12] . It can also enhance our conceptual understanding of human dietary practice, and provide guidance for nutrition intervention and education.
Methods for defining dietary patterns
As dietary patterns cannot be measured directly, one must rely on statistical methods to characterize dietary patterns using collected dietary information. The methodology for de®ning dietary patterns is relatively new and is still in development. Three approaches have been used in the literature: factor analysis, cluster analysis, and dietary indices.
Factor analysis
Factor analysis, as a generic term, includes both principal component analysis and common factor analysis. Principal component analysis is commonly used to de®ne dietary patterns because the principal components are certain mathematical functions of the observed variables, whereas common factors are not expressible by the combination of the observed variables [17] . Factor analysis is a multivariate statistical technique, which uses information reported on food frequency questionnaires (FFQs) [8,18±20,21
. . ] or in dietary records [22] to identify common underlying dimensions (factors or patterns) of food consumption. It aggregates speci®c food items or food groups on the basis of the degree to which food items in the dataset are correlated with one another. A summary score for each pattern is then derived and can be used in either correlation or regression analysis to examine relationships between various eating patterns and the outcome of interest, such as nutrient intake [8, 23] , cardiovascular risk factors [18] , and other biochemical indicators of health [22, 24, 25] .
Cluster analysis
Cluster analysis is another multivariate method for characterizing dietary patterns. In contrast to factor analysis, cluster analysis aggregates individuals into relatively homogeneous subgroups (clusters) with similar diets. Individuals can be classi®ed into distinct clusters or groups on the basis of the frequency of food consumed [14, 26 . . ,27], the percentage of energy contributed by each food or food group [28, 29] , the average grams of food intakes [30] , standardized nutrient intakes [6, 11] , or a combination of dietary and biochemical measures [31] . When the cluster procedure is completed, further analyses (e.g. comparing dietary pro®les across clusters) are necessary to interpret the patterns identi®ed.
Dietary indices
A variety of dietary indices have been proposed to assess overall diet quality [13] . These indices are typically constructed on the basis of dietary recommendations. For example, the healthy eating index (HEI) [32] is a single, summary measure of the degree to which an individual's diet conforms to the serving recommendations of the US Department of Agriculture Food Guide Pyramid [33] for ®ve major food groups and to speci®c recommendations in the US Dietary Guidelines for Americans [34] . The diet quality index [35] is a summary score of the degree to which an individual's diet conforms to speci®c dietary recommendations from Diet and Health [1] . Another simple and popular score is the dietary diversity score, which counts the number of food groups (i.e. dairy, meat, grain, fruits, and vegetables) or foods consumed regularly [36±40]. On the other hand, the recommended food score simply tallies the foods recommended by current dietary guidelines [41 . ].
Both factor analysis and cluster analysis are considered`a posteriori' because the eating patterns are derived through statistical modelling of dietary data at hand [42 . ]. The dietary index approach, in contrast, is`a priori' because the indices are created on the basis of previous knowledge of a`healthy' diet. Because the a posteriori approaches generate patterns based on available empirical data without a priori hypothesis, they do not necessarily represent optimal patterns. In addition, one should evaluate whether the patterns generated ®t into the commonly recognized eating habits in the population, because these patterns are generated simply on the basis of eating behaviors. On the other hand, the dietary index approach is limited by current knowledge and an understanding of the diet±disease relationship, and can be fraught with uncertainties in selecting individual components of the score and subjectivity in de®ning cutoff points. Typically, dietary indices are constructed on the basis of prevailing dietary recommendations, some of which may not represent the best available scienti®c evidence.
The reproducibility and validity of dietary patterns
Although the concept of studying dietary patterns has elicited considerable interest, few studies have examined the reproducibility and validity of these methods. In a previous study [20] , we examined the reproducibility and validity of dietary patterns de®ned by factor analysis, using dietary data collected by an FFQ and diet records among participants in the Health Professionals' Followup Study, who were enrolled in a nutrient validation study in 1986. Using factor analysis, we identi®ed two major eating patterns, which were qualitatively similar across the two FFQs and the diet records. The ®rst factor, which we labelled the`prudent pattern' was characterized by a higher intake of vegetables, fruits, legumes, whole grains, and ®sh, whereas the second factor, labelled thè western pattern', was characterized by a higher intake of processed meat, red meat, butter, high-fat dairy products, eggs, and re®ned grains (Fig. 1) . The reliability correlations for the factor scores between the two FFQs were 0.70 for the prudent pattern, and 0.67 for the western pattern. The correlations (corrected for week-to-week variation in diet records) between the two FFQs and diet records ranged from 0.45 to 0.74 for the two patterns. In addition, the correlations between the factor scores and nutrient intakes and plasma concentrations of biomarkers were in the expected direction. These data indicate reasonable reproducibility and validity of the major dietary patterns de®ned by factor analysis using data from the FFQ. In a subsequent study [43 . . ], we found similar major dietary patterns in women.
Although several studies have examined the validity of dietary patterns derived from cluster analysis by comparing nutrient or biochemical pro®les between the clusters or patterns [26 . . ,28], no data are available on the reproducibility or stability of the clusters over time. Also, it is not clear whether different sources of dietary data (e.g. dietary records and FFQs) would produce the same clusters in a given population. Studies are also needed to evaluate the reproducibility and validity of the proposed diet quality indices.
Dietary patterns and risk of coronary heart disease
Numerous studies have examined the relationship between intakes of individual nutrients or foods and the risk of CHD [44] , but few data are available on the effects of overall dietary patterns. Recently, we examined the associations between major eating patterns derived from factor analysis and the risk of CHD in two large ongoing cohort studies, the Nurses' Health Study and the Health Professionals' Follow-up Study. In both studies, we identi®ed two major dietary patterns: prudent' and`western', and calculated factor scores of each pattern for individuals in the cohorts. In the Health Professionals' Follow-up Study [21 . . ], after adjustment for age, smoking, body mass index, and other coronary risk factors, the RR from the lowest to the highest quintiles of the prudent pattern score were 1.0, 0.87, 0.79, 0.75, and 0.70 [95% con®dence interval (CI) 0.56± 0.86], P for trend equals 0.0009. In contrast, the RR across increasing quintiles of the western pattern score were 1.0, 1.21, 1.36, 1.40, and 1.64 (95% CI 1.24±2.17), P for trend less than 0.0001. These associations persisted in subgroup analyses according to cigarette smoking, body mass index, and parental history of myocardial infarction.
Although the two dietary pattern scores were statistically independent through the orthogonal transformation procedure, it is possible for one individual to have high or low scores on the two patterns at the same time. We therefore examined CHD risk according to joint classi®cations of the western diet and prudent diet scores (Fig. 2) . In multivariate analyses, the observed associations for the two patterns appeared to be independent of each other. Compared with those with the lowest score for the prudent pattern and the highest score for the western pattern, the RR of CHD for men in the highest category of the prudent pattern and the lowest category of the western pattern was 0.50 (95% CI 0.34±0.74). Similar results were observed in the Nurses' Health Study [43 . . ].
In a separate study [45] , we examined the relationship between the major eating patterns and biochemical markers of CHD and obesity. We observed signi®cant The major patterns identi®ed through factor analyses are consistent with an a priori expectation of patterns. The lower rate of CHD in Asia and the Mediterranean region may be partly due to their respective dietary patterns [46] . Traditional diets in Japan and Crete, for example, are in some ways similar to the prudent pattern in this study, with low animal products, and higher amounts of vegetables and whole grains. Intervention studies have demonstrated the effectiveness of modifying multiple aspects of the diet in the prevention or treatment of diseases. The DASH trial emphasized fruits, vegetables and low fat dairy products, and successfully reduced both diastolic and systolic blood pressure in hypertensive subjects [4] and serum homocysteine levels [47] . The combination of the DASH diet and sodium reduction lowered blood pressure even further [48] . Also, in the Lyon Diet Heart Study [15] , patients with a history of myocardial infarction who followed a diet with a high amount of alpha-linolenic acid, fruits and vegetables had dramatically fewer subsequent cardiac events and lower mortality rates compared with those who followed a regular low-fat diet.
The two major patterns were also similar to those observed in several other studies [49±51] . In a study of 3698 men and 3618 women aged 30±70 years in Denmark, Osler et al. [50] also derived a prudent and a western pattern using factor analysis of 28 food items from an FFQ. The authors found that the prudent pattern score was signi®cantly associated with a lower risk of cardiovascular disease and total mortality during 15 years of follow-up. However, the association with the western pattern was not signi®cant. Tseng and DeVillis [51] examined major dietary patterns and their correlates in a representative US sample based on the Third National Health and Nutrition Examination Survey. The major derived patterns resembled those found in our cohorts. In a study conducted in Germany [52] , however, the dietary patterns were more diverse; somewhat different from the US patterns.
Besides factor analysis, several studies have evaluated whether dietary indices predict disease risk or mortality. In a study of elderly rural Greek individuals [53] , greater Adjusted for age, smoking, alcohol use, body mass index, and other coronary heart disease risk factors. RR, relative risks.
adherence to the traditional dietary pattern in the Mediterranean region (re¯ected by a composite score for intakes of vegetables, fruits, legumes, ethanol, dairy products, cereal, and the ratio of monounsaturated to saturated fats) was signi®cantly associated with a reduction in total mortality rates. Similarly, Huijbregts et al. [12] found that a dietary indicator for a healthy dietary pattern, based on the World Health Organization's guidelines for the prevention of chronic diseases, was signi®cantly associated with reduced overall mortality rates.
In a recent study [54] , we evaluated whether the HEI, a measure of adherence to the Dietary Guidelines for Americans, predicted the risk of major chronic disease in the Health Professionals' Follow-up Study. The HEI was weakly inversely associated with the risk of major chronic disease (comparing the highest with the lowest quintile of the HEI, RR 0.89; 95% CI 0.79, 1.00; P50.001 for trend). The HEI was associated with a moderately lower risk of cardiovascular disease (RR 0.72; 95% CI 0.60, 0.88; P50.001), but was not associated with a lower cancer risk. These results indicate that the HEI was only weakly associated with the risk of major chronic disease, suggesting that improvements to the HEI may be warranted. Similar results were found in women [55] .
In an analysis of the Nurses' Health Study data [56] , we computed a composite dietary score based on intakes of cereal ®ber, folate, marine n-3 fatty acids, the ratio of polyunsaturated to saturated fats, trans fatty acids, and glycemic load. We selected these variables a priori on the basis of available evidence on the relationship between diet and CHD. This score strongly predicted the risk of CHD in the Nurses' Health Study (Fig. 3) . Although each individual component of the composite score was signi®cantly associated with the risk of CHD, the association with the composite score appeared to be even stronger, suggesting cumulative effects of multiple dietary components on CHD risk. Also, the association with the composite score was stronger than that with the major dietary patterns derived from factor analysis, suggesting that the`a priori' approach can be more advantageous than the`a posteriori' approaches when important dietary factors for the disease have been clearly de®ned.
Limitations of dietary pattern analysis
A major challenge in studying dietary patterns and disease risk is to establish a quantitative method to identify eating patterns, unless a speci®c pattern (e.g. Mediterranean) has been speci®ed. The factor analysis approach involves several arbitrary but important decisions, including the consolidation of food items into food groups, the number of factors to extract, the method of rotation, and even the labelling of the components [57] . Sensitivity analyses are thus needed to examine whether these choices affect the reproducibility of the ®ndings. Another type of sensitivity analysis would be to conduct the factor analysis in randomly split samples. In addition, con®rmatory factor analysis [58] can be used to examine the robustness and goodness of ®t of the factor structures derived from the conventional or exploratory factor analysis.
In contrast to the traditional analytical approach used in nutritional epidemiology, dietary pattern analysis considers overall diet rather than individual nutrients or foods. Because there are many potential differences in nutrients between dietary patterns, this approach cannot be speci®c about the particular nutrients responsible for Quintiles of composite dietary score for trend < 0.0001 P Figure 3 . Multivariate relative risks of coronary heart disease according to quintiles of a composite dietary score in the Nurses' Health Study (1980±1994) [56] Adjusted for age, smoking, and other coronary heart disease risk factors. To compute the composite score, intakes for trans fat, cereal fiber, glycemic load, marine omega-3 fatty acids, and folate and the ratio of polyunsaturated to saturated fat were categorized into quintiles, and for each participant the quintile values for the nutrients (a higher quintile score represents a better diet) were summed. the observed differences in disease risk, and it may thus not be very informative about biological relationships between dietary components and disease risk. Therefore, the observed association should be evaluated in the light of results from individual nutrient or food analyses.
Dietary patterns are likely to vary according to sex, socioeconomic status, ethnic group and culture. It is thus necessary to replicate the results in diverse populations. It is possible that different eating patterns are derived from different populations. This does not necessarily refute the validity of pattern analysis, because these differences may well be true as a result of a different social and cultural background. In addition, because of changes in food preferences and food availability, the meaning of a dietary pattern could change over time.
Conclusion
Diet is a complex exposure variable, which calls for multiple approaches to examine the relationship between diet and disease risk. Dietary pattern analysis is one of these approaches. It will certainly not replace nutrient or food analysis, but instead serves as a complementary approach to more traditional analysis. Evidence is enhanced when the results from multiple lines of research (i.e. biomarkers of nutrient intake, nutrients, foods, and dietary patterns) are consistent. Clearly, further research is needed to evaluate the validity of dietary patterns and whether they predict long-term disease risk in diverse populations.
The dietary pattern approach would not be optimal if the effect is caused by a speci®c nutrient (e.g. folic acid and neural tube defect), because the effect of the nutrient would be diluted. Therefore, the dietary pattern approach may be more useful when traditional nutrient analyses have identi®ed few dietary associations for the disease (e.g. breast cancer). On the other hand, when many dietary associations have been demonstrated for the disease (e.g. CHD), dietary pattern analysis may also prove to be useful because it goes beyond nutrients and foods, and examines the effects of overall diet. In addition, a dietary pattern can be used as a covariate when examining a speci®c nutrient, to determine whether the effect of the nutrient is independent of the overall dietary pattern. Furthermore, dietary pattern analysis can be useful in evaluating dietary guidelines. 
